INTRODUCTION
As part of an, ecologicalLevaluation of the endangered Aleutian Canada Goose; Branta canadensis leucopareia, and, 'other species of birds at :Buldir Island, ,Alaska, this vegetation study was conducted during the summers,of 1974 through 1976; :The objectives. were to describe and delineate plant communities; to quantitatively assess community composition, and to identify all vascular plant qecies on the island.
The Aleutian Islands'.flora is relatively well known. Hultdn. (1960, 1968) made extensive collections and. summarized available information on plant distribution 'in. .the Aleutians, but he was never ashore at Buldir. Only two small plant collections have been made previously on the island (Coats, 1953) ; The only previous site-specific studies of plant communities in the Aleutians were conducted OR Amchitka Island, 200 km east of Buldir (Shacklette er, al., ,1969; Amundsen,. 1977 ): This paper summarizes the study results at Buldir, and comparisons are made between. the respective floras at Buldir and Amchitka. Nomenclature follows that of Huldn (1968) . STUDY AREA Buldir is in the western Aleutian Islands (Fig. 1) . It is the westernmost of the Aleutian volcanoes that were still active in the Quaternary period (Coats, 1953) . Buldir's only permanent-wetlands are .Kittiwake Pond (1.2 ha), several small streams, and two small marshy areasless than .1 ha in extent in the alluvial vaky..
U.S.
Weather Service records, for Shemya Island, 1 15 km west of Buldir, provide a useful indicator. of conditions at Buldir. Average monthly temperatures .range from O" C in January and February to 9" C in August. At least partial overcast occurs on . more than 90% of the . days, and relative humidity near sea level averages over 90%. The region, is famous for high wind velocity; the average at Shemya is over 30 b a h " , and velocities exceeding ,150 kmeh-l are recorded occasionally in winter. Btrldir is. the. most isolated of the Aleutiawand has no protected beaches for boat, landings. As a result, it is one of the few islands on which arctic foxes, Alopex lagopus, were never introduced (Jones, 1963 (McCartney, 1977) and a small weather detachment of approximately 12 men during WWII (U.S. Department of Defense records, Washington, D.C.). As a result, Buldir has escaped the major disturbance seen on Amchitka and many other islands.
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METHODS
Dominant plants below 300 m elevation were generally tall, whereas upland plants were short; therefore, two vegetation complexes were defined: the Lowland Tall-plant and the Upland Short-plant. Each complex was subjectively subdivided into communities recognizable by major differences in species composition. Community boundaries were located visually and drawn on 1:25 000-scale maps. The percent cover of each species in various communities was estimated by a two-stage, systematic sampling technique with replications. A random number table was used to select 1-m-wide strips in each delimited plant community, and the relative coverage of each species was visually estimated in five randomly-selected 1-m2 plots in each 50-m length of transect. The random numbers selected were used for replication in every 50-m segment of a transect until a community boundary was reached. Within each plot the percent cover values of each species were recorded for each of three vertical height categories (i.e. stories): overstory, the tallest plant level; middle story, generally 10-25 cm tall; and ground story, plants c 10 cm tall.
Cover values were arrived at by estimating percentages of a plot that were actually occupied by a plant species, and the combined values of a story seldom totalled 100% (e.g. a middle story was frequently composed of up to 20% stems of overstory plants or, in other cases, open space). Plots were sampled from mid-July to early September, during or just after the main flowering period. Every species of vascular plant found at Buldir was collected and determined, and voucher specimens were deposited in the herbarium at the University of Alaska (ALA).
RESULTS
Of the 119 species of vascular plants in 36 families identified at Buldir (Table l) , only about 30 are common enough to account for at least 5% of the cover in any of the plant communities (Tables 2 and 3) . Approximately 55 taxa occur in at least 15 % of the plots. The Lowland Tall-plant complex occurs generally below 300 m elevation and includes eight communities, seven of which are quantitatively described ( Table  2 ). The Upland Short-plant complex occurs generally above 300 m elevation and includes four communities which are quantitatively described ( Table 3) . The distribution of communities is illustrated (Fig. 2) . 
Lowland Tall-plant Complex
Elymus-umbel community This is the most extensive lowland community ( Table 4 , Fig. 3) , occurring on all aspects and reaching from just above Elymus-umbel-fern community This community is situated mostly on southern, southeastern, and eastern sea-facing slopes (Fig. 4) . It has one of the tallest overstories (Table 4) , and it was subjectively determined to have a relatively high stem density. The overstory includes the three dominant species in the Elymus-umbel community. Nevertheless, Elymus arenarius is less important, although it is found in over 70% of the plots. Instead, Athyrium felix-femina is much more important. Heracleum lunatum and Angelica lucida have similar cover values and frequencies of occurrence in the two communities. The cover value estimated for Athyrium (Table 2) is probably too low since a significant portion of the value. for unidentified fern could probably be .referred to Athyrium felix-femina.
The Elymus-umbel-fern community has an overstory diversity similar to the Elymus-umbel community, approximately 2 1 species. Claytonia sibirica is the most common plant in the middle story, but 34 other species are found. Mosses cover about 40% of the ground, and 17 other species occur.
Carex-fescue meadow community
This community is most frequently found at the upper edge of the lowland complex. The key overstory species are Carex macrochaeta and Angelica lucida. The middle story is one of thdmost diverse, containing 51 species. Festuca rubra is the primary species; but Angelica lucida, Achillu borealis, Carex -. --. " macrochueta, and Geranium erianthum are also common. The ground story is diverse, containing 19 species. Mosses are most common, and Coptis trifolia and Cardamine umbellata are frequently found.
Carex lyngbyaei marsh community
The only two Carex marshes at Buldir occur along the westernmost stream in the alluvial valley. Carex lyngbyaei forms dense stands averaging over 50 cm tall in standing or slowly moving water. Luzula parvijlora and Arctophila fulva are the only other common overstory plants, although 15 other species are recorded. Common middle story plants are Festuca rubra and Epilobium behringianum, and 28 other species occur in this layer. Mosses are the most common ground story plants.
Artemisia-umbel-Elymus community
This restricted community occurs in isolated patches on northeast and southeast slopes in draws or creek drainages. Artemisia unalaskensis and Heracleum lunatum are the major overstory species. Elymus arenarius occurs in over 50% of the plots, but it has a low cover value. Only four other overstory species are found. Claytonia sibirica is even more common in this community than in the Elymus-umbel and Elymus-umbelfern communities. It nearly excludes other plants, covering nearly 75% of the story. Mosses dominate the understory. Cardamine umbellata and Coptis trifolia are frequently recorded, but they have low cover values.
Calamagrostis community
Most of the relatively flat alluvial valley is covered by this community, and patches are also found on the lower adjacent slopes. This community has a very high stem density. Calamagrostis nutkatensis dominates the overstory, but Carex macrochaeta and Angelica lucida are also important. The middle story has Festuca rubra, Carex macrochaeta, and 18 other species. Dead plants, representing undecayed production from previous years, cover over 80% of the ground story.
Umbel-fern community
This tall community is found primarily near the base of Northwest Point in relatively deep soil, riddled with nesting burrows of Storm Petrels, Oceanodroma spp. Elymus arenarius is practically absent whereas Heracleum lunatum, Athyrium felix-femina, and Angelica lucida dominate the overstory. Claytonia sibirica is the most common species in the middle story. Ranunculus occidentalis is also frequently found, and eight other species are present. Mosses blanket approximately 60% of the ground story, where Cardamine umbellata and Coptis trifolia are also important.
Cochlearia-Achillea community
No quantitative description was made for this community which occurs in scattered locations along the few sandy shorelines just above high-tide line. The most common species are Cochlearia oficinalis, Achillea borealis, Draba hyperborea, Senecio pseudo-arnica, and Honckenya peploides.
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Upland Short-plant Complex
Moss-willow tundra community
This community is the most extensive on Buldir (Table 4 , Fig. 5 ) covering over 80% of the upland complex. The community has scattered tall plants, but only the middle and ground stories are well developed. Areas of solifluction give parts of this community a stair-step appearance, caused by alternating strips of vegetation and bare soil, .3 to 1 m wide. Several species of willow (including S. arctica) are dominant. Carex spp., Polygonum viviparum, Veronica spp., and Festuca rubra are also found frequently, but all have cover values of less than 5 % . The middle story has at least 38 different species.
FiCi 5 The moss-willow tundra community at Buldir Island.
Mosses cover over 40% of the ground in this community. Various unidentified lichens, Cassiope lycopodioides, and Empetrum nigrum are also frequently found. The moss-willow tundra has one of the most diverse ground stories, 30 species.
Fell-field community
This community occurs on windswept ridges and plateaus at high elevations (Fig. 6) . To be classified as fell-field an area must have less than 20% plant cover. The tallest plant found in this community is 5 cm tall, so no overstory is identified. Salk spp. is the only taxon in the middle story with a cover value greater than 5 % , though 14 other species are recorded. Like the middle story, the ground story is mostly bare or covered by gravel. Mosses are the dominant species, and lichens occur in every plot.
Moss-willow-Empetrum community
Scattered patches occur at lower edges of the upland overlooking the alluvial valley. There is no overstory. A thinly vegetated middle story contains Salk spp., Geum calthifolium, and Carex circinnata. A thick mat of Empetrum nigrum, mosses, Cassiope lycopodioides, and 10 other species of dwarf plants, interspersed with bare areas, form the ground story.
VEGETATION OF BUILDIR ISLAND
FI(;. 6 The fell-field community at Buldir Island. Note the lush lowland association far below.
Talus community
Vegetated boulder slides occur locally from sea level to over 500 m elevation. Although the community spans both the lowland and upland complexes, it is placed in the upland because it most resembles communities in that complex. As in other upland communities, no overstory occurs. Festuca rubra covers over 50% of the middle story. Dryopteris dilitata, Angelica lucida, Achillea borealis, and Epilobium behringianum are found frequently, but only Angelica has a cover value of over 5 % . The ground story includes 14 taxa. Mosses, Stellaria spp., Cardamine umbellata, liverworts, and Saxifraga bracteata are all important.
DISCUSSION
Buldir's vascular flora is less diverse than that of Amchitka: 1 19 species in 36 families compared to 206 species in 46 families (Amchitka totals from Amundsen, 1977) . A comparison of the vegetation on the two islands is interesting because they approximate the extremes of the range of habitat diversities found in the Aleutians. Many of the larger islands (e.g. Amlia, Atka, Adak, Kanaga, Tanaga) are similar floristically to Amchitka, whereas some of the smaller volcanic islands (e.g. Chagulak, Kasatochi, Gareloi, Segula) may be similar to Buldir.
It is not surprising that four of the eleven plant families and numerous species found on Amchitka but not on Buldir were associated with freshwater ponds. Amchitka has over 2000 ponds (J.A. McCann, 1963, unpub. rep. in files of U.S. Fish and Wildlife Service, Anchorage, Alaska) compared to only two small potholes and Kittiwake Pond on Buldir. Three additional families and several species unique to Amchitka have disjunct distributions and probably were introduced by humans. These introductions are understandable since thousands of military personnel and tons of equipment were moved to the island during WWII. More recent activities associated with nuclear testing also provided opportunities for 41 introductions. In contrast, Buldir has had very little human activity.
Two families found on Amchitka but not on Buldir include species that grow on sandy beaches, which are fairly widespread at Amchitka but very restricted at Buldir. The other two families found on Amchitka but not on Buldir, Iridaceae and Papaveraceae, include a single species each.
The most striking difference between the floras of Amchitka and Buldir is the relative extent of Empetrum-dominated communities on Amchitka and Elymus-dominated communities on Buldir. Empetrum nigrum is the most important plant in two communities that together cover approximately 5 5 % of Amchitka (Amundsen, 1977) . Mixed with Empetrum in these communities are numerous species of the grass, sedge, and rush families. These families include 55 species at Amchitka but only 2 1 at Buldir, where the only community dominated by Empetrum covers less than 3% of the island. The genera Pou and Carex and the species Calamagrostis nutkatensis are better represented and more widespread at Amchitka. The Empetrum-grass-sedge communities occur at Amchitka from a few feet above sea level to above 250 m elevation, on nearly flat to moderate slopes (Amundsen, 1977) . These rolling plateaus at low elevations are widespread on Amchitka but nearly absent on Buldir, where steep slopes rise quickly to high windswept plateaus and peaks. The steep slopes below approximately 300 m on Buldir are primarily covered by two communities dominated by Elymus arenarius. The community dominated by this species on Amchitka, and on many other Aleutian Islands (V. Byrd, pers. obs.), is restricted to a narrow fringe along the coastline and covers only 2% of Amchitka. Amundsen (1977) is one of several authors who have noticed the particularly lush vegetation, frequently Elymus, and several umbellifers, associated with remains of old native villages. The lushness is attributed to fertilization from decayed faunal remains. The feces from over one million seabirds on Buldir must provide fertilization and may at least partially account for the extent of this normally restricted community. Another factor probably involved is drainage. Elymus communities elsewhere are normally found on fairly sandy, well-drained sites. The steep hillsides on Buldir have loamy soils, and drainage is good.
Buldir has 13 species of plants not found at Amchitka: Six of these are primarily Asiatic or western Aleutican in origin, and apparently Buldir is at, or near, the eastern edge of their ranges. Four of the remaining species are found at elevations on Buldir which exceed the highest occurring at Amchikta. Coats (1953) pointed out that the relatively restricted flora of Buldir might be attributed to its isolation and small land area, which reduce the chances of dispersing seeds landing on suitable sites for establishment. He also suggested that restricted flora might indicate that Buldir is geologically younger than islands to the east and west.
